Summary. In this study, we examined the effect of injecting various cytokines. We report here that tumour necrosis factor (TNF)\g=a\,\g=g\-interferon and interleukin 2 (IL-2) can, in some circumstances, increase fetal resorption rates in abortionprone (CBA/J \m=x\DBA/2) and non-abortion prone (CBA/J \m=x\BALB/c,C3H \m=x\DBA/2) matings: 1000 units TNF enhanced resorptions from 43 to 79% in CBA \m=x\DBA/2, from 7 to 89% in CBA \m=x\ BALB/c, from 5 to 47% in C3H \m=x\ DBA/2. The effect was both gestational age-and dose-dependent. Gamma interferon and R-IL-2 enhanced resorptions from 38 to 68% and 76% respectively in the CBA/J \m=x\ DBA/2 mating combination, whereas the rates in CBA/J \m=x\ BALB/c matings were enhanced from 6 to 44% and 55%. Lipopolysaccharride (LPS), which is known to lead to the release of TNF-\g=a\, had a similar effect, leading to gestational age-and dose-dependent enhancement of resorptions up to 100%.
Introduction
There is increasing evidence that some recurrent abortions in women might be preventable by immunization of the mother against paternal or third party alloantigens (Taylor & Faulk, 1981; Mowbray et ai, 1985) . Ethical concerns limit the extent of studies on this subject in women but there now exist several models of pregnancy failure in mice and its correction by lymphocyte alloimmunization.
The best studied model is the mating of CBA females with DBA/2 males: CBA/J, but not C3H-HeJ, females have an abnormal résorption rate when mated with DBA/2 males (Clark et ai, 1980) , but when CBA/J females are mated with BALB/c males, the fetal résorption rate is normal (Chaouat et ai, 1983) . In this system, there is suggestive evidence that abortion is mediated by asialo GM 1-positive natural effector cells (Chaouat et ai, 1987 ; Baines & de Fougerolles, 1988) . If CBA/J females are immunized against BALB/c lymphocytes before mating, the high résorption rates in CBA/J mice mated with DBA/2 males are prevented (Chaouat et ai, 1983 (Chaouat et ai, , 1987 (Chaouat et ai, , 1988a and there is no longer accumulation of asialo Gml + cells in the uterus (Gendron & Baines, 1988) . Protection against abortion can be adoptively transferred by CBA/J anti-BALB/c immune cells, or cells from the spleens of CBA/J mice that were multiparous by repeated mating to BALB/c males (Chaouat et ai, 1985) . Furthermore, cell-derived cytokines such as IL-3, GM-CSF and CSF-1 were strongly supportive of the in-vitro proliferation of placental cells (Athanassakis et ai, 1987; Armstrong & Chaouat, 1989) , and, conversely, tumour necrosis factor (TNF) -a and -ß proved to be cytostatic for these placental cells in vitro. In addition, in-vivo depletion of cells enhanced résorption rates in CBA females mated with DBA/2 males as well as in the non-abortion prone CBA BALB/c mating (Chaouat et ai, 1988a) . Further support for a trophic role of activated cells in vivo came from the observation that depletion of cells in the autoimmune MRL lpr/lpr strain corrected placental hypertrophy and placental phagocytic activity was then normal. This observation was corroborated by the finding that transfer of cells from MRL lpr/lpr mice into H-2k-compatible CBA/J females prevented the CBA DBA/2 pregnancy from showing increased fetal résorption (Chaouat et ai, 1988a, b Since the rate of résorption increases with ageing or environmental conditions (Chaouat et a!, , 1988a Hamilton & Hamilton, 1987) mice were in some cases aged a further 5 weeks before mating in a conventional room where abortions were known to be higher (Chaouat et ai, 1987 (Chaouat et ai, , 1988a (Parand & Chedid, 1964) , irrespective of the strain. Table 1 shows typical experiments that confirm these data for various mating combinations of mice which are not abortion prone, as well as in the CBA x DBA/2 abortion-prone mice.
Direct measurement of TNF-in the decidua confirmed that abortion was correlated with an enhancement of TNF levels (data not shown, and Chaouat et ai, 1990) , in agreement with previous data (Parand & Chedid, 1964; Parand, 1987; Gendron et ai, 1989 Chaouat, unpublished) . We therefore also tested the effects of treatment with -interferon, and recombinant murine IL-2, a LAKCs and NK cell activator. Both treatments enhanced fetal résorption in the CBA x DBA/2 and CBA BALB/c mating combinations (Table 3) . (Table 4) . (Table 5 ). In fact, 3 2500 HCSF units sometimes enhanced fetal résorptions, although most often the enhancement was not significant, and at best values were <002 (data not shown).
Treatment with recombinant murine GM-CSF (Genzyme) given on the same schedule at low doses was also protective (Table 6 ).
Both forms of murine GM-CSF not only affected fetal survival, but also enhanced placental (and fetal) weights (Tables 5 and 6 ). The enhancement appeared to depend markedly upon additional spongiotrophoblast width as a result of treatment (see Table 6 ). No significant size enhancement was traced in the labyrinth (data not shown). Similar experiments conducted in Canada used a recombinant human GM-CSF (Genetic Institute) and the same murine GM-CSF (Genzyme), but the control levels of résorption were much lower. A single dose of 200 units of either form of GM-CSF on Day 7-5 of pregnancy was minimally effective (Table 6 ). The murine GM-CSF stimulated placental cell growth in vitro but the human recombinant GM-CSF was inactive in this regard (data not shown, and Clark et ai, 1990) . High doses of the human GM-CSF (10 000-30 000 units/mouse) were ineffective, similar to the data shown in Table 5 .
Since P338D1 purified material contained traces of IL-1 and IL-3, it was important to ascertain that the effects of P338D1 supernatant and recombinant GM-CSF were mediated by GM-CSF itself and not by some contaminant in the preparation. Recombinant murine GM-CSF, or P338D1 material, was passed through a column containing normal rabbit serum coupled to CNBr-activated Sepharose 4B (Pharmacia, Pharmacia-LKB, Les Ulis, France) or similarly prepared rabbit anti-murine GM-CSF. The specific antiserum retained the fetal protective effect, while the control column eluant did not (Table 7) . (Croy & Kassouf, 1989) . It is tempting to speculate that they could themselves be regulated by lymphokines, and secrete some lymphokines, and thus be involved in the control of placental growth (Wegmann et ai, 1989. Furthermore, it has been shown that spontaneous abortion rates in the abortion-prone CBA DBA/2 mouse system correlate with the local infiltration of asialo GM 1-positive cells (Gendron & Baines, 1988) . Indeed, it has been shown that embryos are first infiltrated by cells with NK-like activity, and only thereafter by some cytotoxic lymphocytes (Chaouat, 1986) . Trophoblast cells themselves are not sensitive to NK cell lysis, but human and mouse embryonic fibroblasts, for example, are. Activated NKs and LAKCs are therefore a probable threat to fetal survival. It ensues that the local cell activation/expansion by interleukin-2 and interleukin-4, -5 and -6, the activation/enhancement of NK lytic activity, also mostly by these lymphokines, and the differentiation and expansion in the decidua of LAKCs needs to be down-regulated at the feto-maternal interface for fetal survival. It is achieved in the decidua by decidual suppressor cells that secrete a TGF-ß-2-like molecule (Clark et ai, 1988 ) and a placenta-derived factor which has immunosuppressive activity coupled to fibroblast growth factor properties, and other TGF-ß-2-like properties (Chaouat et ai, 1990 (Chaouat et ai, 1985) , no such difference is seen at earlier stages, whereas there is a clear correlation between the level of decidual suppression at the implantation site and subsequent fetal résorption (Clark et ai, 1987) . It is therefore possible that a defect in local suppression would result in too high a level of local NK-cell activity, and recruitment and/or activation of LAKCs, thus leading to embryo demise. Environmental factors are involved in the CBA DBA/2 résorption models (Hamilton & Hamilton, 1987) , most likely microbial in nature and probably resulting in local activation of non-specific effectors. IL-2 can lead to NK-cell differentiation into LAKCs, and it is likely that injections of excess IL-2 by-pass local active suppression and trigger such detrimental activation/ differentiation. Our data are in keeping with those of Tezabwala et ai (1989) , although in our hands we need to inject higher doses than they do to obtain induction of abortion. Such discrepancy is most probably due to environmental conditions, as discussed below for 'basal' résorption rates.
NK activation can be directly achieved in pregnant females by Poly(I).Poly(C12)U injection. Injection of spleen cells from animals Poly(I).Poly(C12)U into CBA/J females, or direct treatment of these, elicits abortion (Baines & de Fougerolles, 1988; Chaouat et ai, 1988c Chaouat et ai, , d, 1989a . Such effects are seen not only in CBA/J, but also in BALB/c, C57BL/6 mice, which are non-resorptionprone strains (Chaouat et ai, 1989b (Chaouat et ai, , c, 1990 ; unpublished data). This paper demonstrates that the effects on pregnancy outcome of such activated NK cell-enriched cellular transfer can be mimicked by injecting TNF and -interferon, which (Hamilton & Hamilton, 1987; Chaouat et ai, 1986 Chaouat et ai, , 1988b . We took advantage of such effects to enhance the basal résorption rates in our CBA/J mice by letting them age for the R GM-CSF experiments. This effect accounts for most of the variation one can observe between our tables, since mice of the same age in the same room had no gross (statistically significant) variations in résorption rates throughout the year.
The effect of IL-3 is more complicated to explain. Such a therapeutic effect does not necessarily represent a physiologically significant event, because has not yet been demonstrated at the maternal-fetal interface, although one report describes the presence of IL-3 mRNA in the decidua (Shorter et ai, 1989) . Nevertheless, placental cells appear to be responsive in vitro to all members of the CSF family tested so far, and GM-CSF itself has been shown to have direct trophic effects on outgrowth of pure ectoplacental cone trophoblast (Armstrong & Chaouat, 1989 (Uzumaki et ai, 1989) . In the meantime, to explain these effects, we suggest at least four possible mechanisms, which are not necessarily mutually exclusive, and deserve consideration for future experimentation. (1) (Pralloran et ai, 1989) , and since HILDA/LIF, a product of CD4 and CD8 cells has a direct trophic effect on extra somatic cells (Moreau et ai, 1988) , the possibility that GM-CSF might have an effect on such a cell subset is worthy of further examination. (4) GM-CSF is involved with interferon in natural suppressor mechanisms (Cleveland et ai, 1988) , which share a certain number of properties with decidua and placenta-associated suppression, and IL-3 can abrogate LAKC activation/generation in the human (Gallagher et ai, 1988) . Using the measure¬ ment of TNF-to assess cytotoxicity of decidual supernatant on the L929 malignant murine fibroblast cell line, a classical test of TNF activity, we observed an inverse correlation in the CBA DBA/2 system between TNF and GM-CSF titres (assessed as HCSF activity) in the decidua (Chaouat et ai, 1990 Whatever the mechanism(s) involved the results described in this paper indicate a direct influence of lymphokines on reproductive outcome in vivo.
